Motion estimation and compensation are widely used in video coding. This paper presents two fast block matching algorithms for motion estimation. These algorithms use the subspace features of a block to determine the block distance. With a search block size of N x N , the proposed algorithms can achieve a computation reduction factor of AV2 while retaining close-to-optimal performance in the mean absolute difference (MAD) sense.
INTRODUCTION
Video compression is vital and necessary for the transmission and storage of video sequences because of the huge data rate of the raw video data. There are many video compression standards, such as CCITT H.261 and MPEG, which use block-based motion estimation and compensation to reduce the temporal redundancy in video sequences. Conventionally, motion estimation is done by performing block matching exhaustively in the search area which is optimal with respect to the mean absolute difference (MAD) but it requires extremely large amount of computation. Therefore, different fast block matching algorithms had been proposed[l-71. A fast block matching algorithm in feature domain (FBMA) was proposed in [l] . which achieves a computation reduction factor by a Sactor of NI2 when compared with the conventional exhaustive search (CES) algorithm. Here the basic search blocks are of size NxN. Although FBMA has close-to-optimal performance, it requires a large amount of additional memory which is undesirable for practical implementation.
In [I-31, simulations have shown that Reexamination can improve significantly the matching result. The idea is to use the MAD in the pixel domain given in equation ( I ) to re-examine the R best matching locations which are found by using another distance measure. The one with the least MAD in the pixel domain is declared the best match.
In this paper, two novel fast block matching algorithms without the additional memory requirement, Plus Pattern Search (PPS) and Cross Pattern Search (CPS), are presented. These algorithms make use of the subspace features of the block to calculate the block distance so that the computation required for motion estimation can be reduced. Incorporated with Reexamination, the performance is found to be better than FBMA. With a block of size NxN, these algorithms can achieve a computation reduction factor of N/2, which is significant, while having close-to-optimal performance in the MAD sense.
ALGORITHMS
The first is called Plus Pattern Search (PPS) and it is described below:
Step 1. For an NxN block at the (x,y)-th location in the current k-th frame of size QxP, we define a search area of size (2W+I)x(2W+I) in its previous frame. Here the maximum horizontal and vertical displacement of the block is +W pixels.
Step 2. At each location (ij) in the search area, we calculate the cost function using the Plus pattern features of the block as shown in Figure  l (a). The cost function is defined as the MAD of the Plus pattern features:
wheref&,y) is the pixel value at the (x,y)-th location of the k-th frame, H = NI2 -1 and K = 2N -1.
Step 3. (Re-examination) We re-examine R best candidates found in Step 2 by calculating the MAD in the pixel domain defined in equation (1) and find the best match. The other new fast block matching algorithm is called Cross Pattern Search (CPS). This is similar to difference is in Step 2 and it is described below:
Step 2: At each location (iJ) in the search area, we calculate the cost function pattern features of the block as shown in Figure  l 
+ I f , ( ( X + H -n , y + n ) -fk-( i + H -n , j + n ) I }
where H = N -1. 
COMPUTATIONAL COMPLEXITY

than CES Algorithm
For an QxP frame, with a block size of NxN and maximum displacement of -tW pixels in both the horizontal and the vertical directions, the number of additive operations needed for motion estimation of one frame using CES is:
Let R be the number of locations used in reexamination in PPS and CPS. The additive operations needed for motion estimation of one frame are:
where the second term corresponds to the computation for Re-examination. For W>=N>>R>1, the second term is insignificant compared with the first term. Consequently, the computation reduction factor of PPS and CPS is approximately:
SIMULATION RESULTS
Our algorithms were simulated using the luminance component of 200 frames of the "Football" and the "Tennis" sequences. Each frame contained 352x240 pixels quantized uniformly to 8 bits. The size of the block was 16x16. The maximum displacement in the search space was +16 pixels in both the horizontal and the vertical directions. For re-examination in each algorithm, we used R=5 best candidates in the feature domains. Table 1 
